Bacteriophage +6 contains three segments of double-stranded RNA. The procapsid consists of proteins P1, P2, P4, and P7, which are encoded by the viral L segment. cDNA copies of this segment have been cloned into plasmids that direct the production of these proteins, which assemble into polyhedral procapsids. These procapsids are capable of packaging plus-sense +6 RNA in the presence of nucleoside triphosphate and synthesizing the complementary minus strand to form double-stranded RNA. In this article, we report the presence of a nucleotide-binding site in protein P4. The viral procapsid and nucleocapsid exhibit a nucleoside triphosphate phosphohydrolase activity that converts nucleoside triphosphates into nucleoside diphosphates.
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Bacteriophage 46 infects the plant pathogen Pseudomonas phaseolicola (Pseudomonas syringae pv. phaseolicola) HB1OY (24) . The viral genome consists of three separate pieces of double-stranded RNA encapsidated within a polyhedral nucleocapsid (19) . Virus particles contain one copy of each genome segment (5) . The nucleocapsid has RNA polymerase activity and functions as both a replicase and a transcriptase (11, 18) . RNA polymerization proceeds via a semiconservative mechanism with transcripts released by strand displacement (6, 23) .
The first intermediate detected in the 46 assembly pathway is a polyhedral procapsid which becomes filled with one copy each of the three pieces of double-stranded RNA (2, 5, 16, 17) . The filled procapsids are then covered with a shell of protein P8. The resulting nucleocapsid is subsequently enveloped within a lipid-protein membrane (14) . Cloned cDNA copies of the genomic L segment direct the synthesis of proteins P1, P2, P4, and P7, which assemble in both Escherichia coli and P. phaseolicola into structures resembling the +6 procapsid. These particles have both replicase and transcriptase activities (9, 11) and can package message-sense 06 RNA in the presence of ATP or dATP. They subsequently synthesize the complementary minus-sense strands if all four ribonucleoside triphosphates (rNTPs) are present (10) .
Analysis of the amino acid sequence of protein P4 reveals a sequence characteristic of nucleotide-binding sites (25) . The amino acid sequence of P4 from amino acid 111 to 138 is RWPSEGIYSGVTALMGATGSGKSITLNE; the boldface residues are those of the nucleotide-binding motif. To In the absence of competing nucleotide, all of the nucleocapsid proteins became labeled (Fig. 1) . However when unlabeled ATP was present at 1 mM, the reaction of the photoaffinity analog with protein P4 was substantially reduced (Fig. 1) .
This competition also occurred in the presence of 1 mM concentrations of each of the three other NTPs or ADP. However, AMP did not prevent the binding of the affinity analog to P4 (Fig. 2) . The inhibition of labeling by CTP appears weaker than the inhibition by the other NTPs in Fig.  2 , but in repeated experiments the difference was not apparent. dATP was an effective competitor of 8-N3ATP binding to P4 (data not shown). This inhibition of covalent binding of the photoaffinity analog to protein P4 by all four NTPs and dATP suggests that the NTPs all bind to the same site.
The procapsid structure produced in E. coli from the cDNA copy of segment L is identical to that produced by 46 virus infection (9) . This structure is simpler than the nucleocapsid in that it lacks RNA and protein P8. We have found that the packaging by the procapsid of plus-sense RNA occurs in the presence of ATP or dATP (10) . We therefore examined the binding of 8-N3ATP to this structure. Plasmid pLM378 carries large (L)-segment cDNA under control of the tac promoter. It encodes the four proteins that constitute the procapsid, P1, P2, P4, and P7 (9) . Plasmid pLM406 carries L-segment cDNA with a deletion so that it encodes only proteins P1 and P4. It was constructed from pLM369 by producing an SphI deletion from within the L-segment sequence to the EcoRI site of the vector pUC8 multiplecloning site sequence (9) . E. coli JM109 [A(lac-proAB) thi reL41 X-recA gyrA96 endA supE44 hsdR17 (F' traD36 proAB lacIqZAM15)] carrying these plasmids was induced with 1 mM IPTG (isopropyl-13-D-thiogalactopyranoside), and cell lysates were centrifuged on sucrose gradients. The gradient fractions which contained the structure were identified on SDS-polyacrylamide gels (9) . Twenty-microliter aliquots of the sucrose gradient fractions containing the particle peaks were used in the photoaffinity labeling assay (Fig. 3A) . It can be seen in this figure (fractions 9 to 13) that the presence of unlabeled competing ATP prevents 8-N3ATP binding to protein P4 in the peak fractions. The P4 bands are clearly derivatized when no unlabeled ATP is present in the photoaffinity assay (Fig. 3A, fractions 9 to 13 ). The peak fractions of the partial particle encoded by pLM406 were photoaffinity labeled also, showing that covalent binding to P4 is specifically blocked in the presence of 1 mM ATP (Fig.   3B ). NTPase activity has been found in other segmented RNA viruses such as reovirus (3, 13) . Vesicular stomatitis virus (22) and viruslike particles of yeasts (8) possess a phosphotransferase activity in addition to the NTPase activity. Presumably, these systems allow utilization of available NDPs (by NTP regeneration) for transcription and replication during the host cell stationary phase, when some NTP levels might be low. The 4)6 RNA polymerase is not able to use NDPs as precursors for RNA synthesis in the presence of ATP.
The single-stranded RNA packaging mechanism of this bacteriophage is dependent on NTP hydrolysis (10) . Analogs with nonhydrolyzable y phosphate do not support packaging (10) . It seems likely that the NTP-binding activity of P4 is related to the phosphohydrolase activity and that these activities are correlated with the requirement of NTP hydrolysis for packaging. The terminase function of bacteriophage lambda has an ATPase activity dependent on binding to DNA which presumably functions during nucleic acid packaging (7). Many double-stranded DNA bacteriophages use ATP hydrolysis for the packaging of DNA (12) . The complexing of protein C in bacteriophage 4)X174 to the phage DNA replication complex and procapsid structure is also dependent on ATP or dATP binding (1) .
In addition to its role in RNA packaging, the NTPase activity could also be involved in the assembly of the procapsid itself. Particles that are missing P4 are poorly formed and are unstable (9) . Preliminary experiments done in our laboratory indicate that defective P4 results in defective procapsid assembly. It is not clear whether this is due to defects in the NTPase activity, but mutations in the NTPbinding motif lead to assembly defects. This work was supported by Public Health Service grant GM-34352 awarded to L.M.
